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Paleovalleys associated with the Mississippian-Pennsylvanian unconformity have
been identified as potential targets for hydrocarbon exploration in the Illinois Basin.
Though there is little literature addressing the geologic factors controlling hydrocarbon
accumulation in sub-Pennsylvanian paleovalleys basin-wide, much work has been done
to identify the Mississippian-Pennsylvanian unconformity, characterize the Chesterian
and basal Pennsylvanian lithology, map the sub-Pennsylvanian paleogeology and
delineate the pre-Pennsylvanian paleovalleys in the Illinois Basin. This study uses
Geographic Information Systems (GIS) to determine the geologic factors controlling the
distribution of hydrocarbon-bearing sub-Pennsylvanian paleovalley fill in the Illinois
Basin.
A methodology was developed to identify densely-drilled areas without
associated petroleum occurrence in basal Pennsylvanian paleovalley fill. Kernel density
estimation was used to approximate drilling activity throughout the basin and identify
“hotspots” of high well density. Pennsylvanian oil and gas fields were compared to the
hotspots to identify which areas were most likely unrelated to Pennsylvanian production.
Those hotspots were then compared to areas with known hydrocarbon accumulations in
sub-Pennsylvanian paleovalleys to determine what varies geologically amongst these
locations. Geologic differences provided insight regarding the spatial distribution of
hydrocarbon-bearing sub-Pennsylvanian paleovalleys in the Illinois Basin.
x

It was found that the distribution of hydrocarbon-bearing paleovalleys in the
Illinois Basin follows structural features and faults. In the structurally dominated
portions of the Illinois Basin, especially in eastern Illinois along the La Salle Anticlinal
Belt, hydrocarbons migrate into paleovalleys from underlying hydrocarbon-rich subPennsylvanian paleogeology. Along the fault-dominated areas, such as the Wabash,
Rough Creek and Pennyrile Fault Zones, migration occurs upwards along faults from
deeper sources. Cross sections were made to gain a better understanding of the
paleovalley reservoir and to assess the utility of using all the data collected in this study
to locate paleovalley reservoirs. The Main Consolidated Field in Crawford County,
Illinois, was chosen as the best site for subsurface mapping due to its high well density,
associated Pennsylvanian production, and locally incised productive Chesterian strata.
Four cross sections revealed a complex paleovalley reservoir with many potential pay
zones. The methodology used to locate this paleovalley reservoir can be applied to other
potential sites within the Illinois Basin and to other basins as well.

xi

Chapter 1: Introduction
1.1 Purpose and Objectives
Paleovalleys developed on the pre-Pennsylvanian paleosurface have been
identified as targets for potential hydrocarbon exploration in the Illinois Basin by several
workers (Sedimentation Seminar, 1978; Howard and Whitaker, 1988; IIGS, 1988; Oltz et
al., 1990). Much work has been conducted in an effort to identify the MississippianPennsylvanian disconformity, characterize the Chesterian and basal Pennsylvanian
lithology, map the pre-Pennsylvanian paleogeology, and delineate the sub-Pennsylvanian
paleovalleys in the Illinois Basin (Siever, 1951; Siever, 1953; Parks, 1953; Atherton et
al., 1960; Bristol and Howard, 1971; Sedimentation Seminar, 1978; Droste and Keller,
1989; Droste et al., 2000; Schoefernacker, 2006). Some research also has been
conducted on hydrocarbon accumulation in sub-Pennsylvanian paleovalley fill in
southeastern Illinois (Howard and Whitaker, 1988; 1990) and in paleovalleys of western
Kentucky (Shiarella, 1933; Strachan, 1935; Rose, 1963; Noger, 1984; Greb, 1988; 1989;
May, 2013).
The purpose of this thesis is to bring all available data together in a Geographic
Information System (GIS) to determine the geologic factors controlling hydrocarbon
accumulation in sub-Pennsylvanian paleovalleys throughout the Illinois Basin. The
results of this research could have practical applications in the oil and gas industry in the
Illinois Basin, providing the basis of a model for future hydrocarbon exploration in basal
Pennsylvanian paleovalley reservoirs. The methodology developed for this research
could be applied to other reservoirs within and beyond the Illinois Basin. In addition to
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its practical applications, this research should also add to the knowledge base with regard
to understanding the geology of the paleovalleys.
The objectives of this study are: 1) to use GIS as a tool to organize and analyze all
manner of disparate datasets and previous studies related to sub-Pennsylvanian
paleovalleys throughout the Illinois Basin; 2) to develop a methodology utilizing GIS to
identify sub-Pennsylvanian paleovalleys with no associated hydrocarbon occurrence
throughout the Illinois Basin; 3) to compare productive and non-productive subPennsylvanian paleovalleys to identify geologic factors controlling hydrocarbon
occurrence; 4) to use the GIS database and knowledge derived from this study to identify
a paleovalley reservoir; and 5) to construct cross sections of the paleovalley reservoir to
gain a better understanding of the paleovalleys in the subsurface.
The methodology used in this study was developed as a response to inadequate
basin-wide production data with regard to sub-Pennsylvanian paleovalley fill. The
existing production dataset could not be used to identify paleovalleys with and without
associated hydrocarbon production. A methodology was developed using kernel density
combined with existing production datasets to identify areas with the highest probability
of not containing hydrocarbons. Those areas were then compared to previously
documented occurrences of hydrocarbons in basal Pennsylvanian paleovalley fill.

2

Chapter 2: Background
2.1 Illinois Basin
A sedimentary basin is a region of prolonged subsidence of the lithosphere
wherein sediments are deposited (Allen and Allen, 2005). Basins are important because
they are the primary source of hydrocarbons on Earth. The Illinois Basin is an
intracratonic sedimentary and structural basin that underlies southwestern Indiana,
western Kentucky, and most of Illinois (Weller and Bell, 1937) (Figure 2.1).

Figure 2.1. Illinois Basin Study Area.
(Source: Buschbach and Kolata (1990))
3

The Illinois Geological Society and cooperating organizations (1951) define the
extent of the basin as an area of 53,000 square miles which is overlain by Pennsylvanian
sedimentary rocks. Buschbach and Kolata (1990) define the extent of the basin as an area
of approximately 60,000 square miles. In order to include most hydrocarbon-bearing
sediments, they used the -500 foot contour of the Ottawa Supergroup (Upper Ordovician)
to demarcate the Illinois Basin boundary in southern Illinois, Kentucky, Indiana, and the
limit of Pennsylvanian strata in northern and western Illinois. The boundary of the Illinois
Basin defined by Buschbach and Kolata (1990) is used in this study.
Figure 2.2 is a structural cross section oriented west to east through the center of
Illinois Basin, showing the Sauk through Tejas sequences and associated sequence
boundaries of Sloss (1963). This study focuses on the Upper Mississippian strata
comprising the youngest rocks of the Kaskaskia sequence and the basal Pennsylvanian
strata comprising the oldest rocks of the Absaroka sequence. Strata in the Illinois Basin
dip towards the center and thicken with increasing depth or increasing stratigraphic
accommodation. Major structural features of the Illinois Basin as shown in Figure 2.3
include the LaSalle Anticline, Clay City Anticline, Salem-Louden Anticline, Du Quoin
Monocline, Cottage Grove Fault System, Wabash Valley Fault System, Shawnee-Rough
Creek Fault System, and Moorman Trough (or Rough Creek Graben). Structural features
on the flanks of the Illinois Basin are the Wisconsin Arch, Kankakee Arch, Cincinnati
Arch, Pascola Arch, Ozark Uplift, and Mississippi River Arch (Figure 2.4).

4

Figure 2.2. Cross Section through the Illinois Basin. Source: After Kolata (1990a).

5

Figure 2.3. Major Structural Features of the Illinois Basin.
Source: After IIGS (1988)

6

Figure 2.4. Major Bounding Structural Features of the Illinois Basin.
Source: After IIGS (1988)

The formation of the Illinois Basin was initiated by failed rifting which occurred
concurrently with the breakup of the supercontinent in Precambrian or Early Cambrian
time (Kolata and Nelson, 1990a). The New Madrid Rift Complex, whose main structural
components are the Reelfoot Rift and the Rough Creek Graben, formed during this time
(Sloss, 1988). During the rifting phase (Early to Middle Cambrian), crustal thinning and
subsidence occurred, creating a rift basin which was southwardly open to the sea (Kolata
and Nelson, 1990a). By Late Cambrian time, the rifting ceased and the proto-Illinois
7

Basin developed as a cratonic embayment that was southwardly connected to the Black
Warrior and Arkoma Basins (Kolata and Nelson, 1990b; Kolata, 1990b). Extensional
faulting associated with the rifting stopped at this time (Kolata and Nelson, 1990a).
During the Middle Devonian, pro-deltaic sediments comprising black shales were
deposited during a major transgression, which lasted to Early Mississippian time (Sloss,
1988). The main source rock for hydrocarbons in the Illinois Basin is the Devonian-age
New Albany Shale; however, there are many lesser marine source beds throughout the
Paleozoic (Barrows and Cluff, 1984). The proto-Illinois Basin continued to subside
slowly until the Late Mississippian (Sloss, 1988; Kolata and Nelson, 1990b).
At the onset of the Late Mississippian, compressional stresses resulted from the
Ouachita and Alleghenian Orogenies. The compressive tectonic regime caused
reactivation of major fault zones and creation of new fault zones in addition to
deformation and creation of structural features (Kolata and Nelson, 1990a). Structural
features created or deformed as a result of these compressional stresses include: The Ste.
Genevieve Fault Zone, Du Quoin Monocline, Waterloo-Dupo Anticline, Cap au Gres
Faulted Flexure, Lincoln Fold, Mississippi River Arch, Salem and Loudon Anticlines,
and the La Salle Anticlinal Belt (Nelson et al., 1990).
The compressional tectonic regime initiated in the Late Mississippian continued
through the Permian Period as Pangea formed. The principal stress in this compressive
period was from the southeast (Appalachians) and reactivated faults in the Reelfoot Rift
and Rough Creek Fault System (Kolata and Nelson, 1990a). An extensional tectonic
phase began after the Lower Permian during the breakup of Pangea. During this phase,
extensional faulting occurred in the Reelfoot Rift and Rough Creek Graben. Northeast
trending normal faults were created at this time in the McCormick and New Burnside
8

Anticlines, Wabash Valley Fault System, Pennyrile Fault Zone, and an unnamed fault
zone south of the Pennyrile Fault Zone (Kolata and Nelson, 1990a). Between the
Pennsylvanian and Cretaceous Periods, uplift of the Pascola Arch isolated the protoIllinois Basin from the sea, forming the present-day configuration of the Illinois Basin
(Klein and Hsui, 1987).

2.2 Mississippian-Pennsylvanian Unconformity
The Mississippian-Pennsylvanian unconformity formed during a period of
erosion, which occurred between the Kaskaskia depositional sequence (Middle Devonian
– Upper Mississippian) and the Absaroka depositional sequence (Pennsylvanian – Lower
Permian) (Kolata and Nelson, 1990a). The unconformity has been referred to as the
Mississippian-Pennsylvanian unconformity, the pre-Absaroka unconformity, the prePennsylvanian unconformity, and the systemic boundary (between the Mississippian and
Pennsylvanian Systems).
The systemic boundary marks a period of erosion during the Early Pennsylvanian,
during which time Chesterian strata (Late Mississippian) were incised, resulting in the
creation of a network of paleovalleys (Siever, 1951; Wanless, 1955). During the
Chesterian, the seas regressed and the proto-Illinois Basin was exposed to subaerial
erosion. Subsequent uplift caused deep paleovalleys (up to 450 feet [137 meters]) to
incise the Upper Mississippian sediments in a southwesterly direction (Siever, 1951;
Kolata and Nelson, 1990a). Siliciclastic sediments derived from the Canadian Shield via
the Michigan River System were deposited in the Basin (Kolata and Nelson, 1990a).
During the Early Pennsylvanian, as the seas transgressed, paleovalleys were filled
with sediments that would lithify to become sandstone, shale, siltstone, limestone, and
9

coal of the Pennsylvanian (Siever, 1951; Davis et al., 1974; Kolata and Nelson, 1990a).
The deposition of Pennsylvanian sediments upon the erosional surface of the
Mississippian preserved the pre-Pennsylvanian paleovalleys in the geologic record.
These basal Pennsylvanian sediments unconformably overlie Mississippian sediments of
various ages throughout nearly the entire Illinois Basin. The systemic boundary can then
be found by locating the youngest preserved Chesterian sediments (Siever, 1951).
These paleovalleys generally possess a southwesterly paleocurrent direction, and
have been influenced by structural controls (Potter and Siever, 1956; Davis et al., 1974,
Greb, 1989). Greb (1989) cites evidence for the Rough Creek Graben (Moorman Trough
or Syncline) controlling the orientation of the Madisonville Paleovalley in west-central
Kentucky. Here, the Madisonville Paleovalley strikes east-west, deviating from the
overall southwesterly paleocurrent direction, which characterizes paleovalleys throughout
most of the Illinois Basin.

2.3 Stratigraphy and Paleogeographic Setting
The stratigraphy in this study includes all units in contact with the MississippianPennsylvanian unconformity, both above and below (Figure 2.5). Chesterian units lie
beneath the unconformity throughout most of the Illinois Basin, although rocks as old as
Ordovician lie directly below the unconformity along the La Salle Anticlinal Belt in La
Salle County, Illinois (Wanless, 1955; Nelson et al., 1990). Basal Pennsylvanian units
include the Caseyville and Tradewater Formations in Kentucky and Illinois and the
equivalent Mansfield Formation in Indiana. Most of the hydrocarbons in the Illinois
Basin have been produced from siliciclastic Chesterian and Pennsylvanian sedimentary
rocks (Howard, 1990).
10

Figure 2.5. Correlation of Stratigraphic Units of North American (COSUNA) chart
showing Upper Mississippian and Lower Pennsylvanian strata of southeastern
Illinois, southwestern Indiana and western Kentucky.
Source: Modified from London et al. (2013) and IIGS (1988).
11

The Chester Epoch marks the transition from mostly marine to predominantly
siliciclastic sedimentation (Treworgy, 1990). The climate during this time was semi-arid
(Caudill et al., 1996). Sediments of the Chester Series consist of cyclically alternating
limestone/shale and sandstone/shale (Treworgy, 1990). These sediments were deposited
in an extensive carbonate ramp setting, when present day Kentucky was 5 to 15 degrees
south of the equator (Sable, 1979). Sandstones of the Chester Series occur mostly as
lenticular and channel bodies deposited by fluvial-deltaic processes, sourced mainly from
the Canadian Shield and Appalachian Orogenic Belt via the ancient Michigan River
System (Swann, 1963; Sable, 1979). These sandstones evidently make good petroleum
reservoirs. Comprising only 3.4% of the rock volume in the Illinois Basin, the Chesterian
has produced approximately 60% of the oil, but there are many hydrocarbon-producing
reservoirs in the Chester Series, the most prolific being the Cypress Sandstone
(Treworgy, 1990).
The Pennsylvanian System in the Illinois Basin consists of cyclical deposits of
sandstone, sandy shales, underclay, coal and marine limestones and shales (Weller,
1930). Quartz-pebble conglomerate is found in the Lower Pennsylvanian and is mostly
restricted to paleochannel fill (Wanless, 1955). Pennsylvanian siliciclastics were mainly
sourced from structural highs to the northeast: The southeastern Canadian Shield as well
as the middle and northern parts of the Appalachian Orogenic Belt (Rice, 2001; Potter
and Siever, 1956; Siever and Potter, 1956). The thickness of Pennsylvanian rocks ranges
from approximately 3500 feet thick in western Kentucky to more than 2000 feet in
Indiana (Rice, 2001; Droste et al., 2000).
Basal Pennsylvanian rocks include the Mansfield Formation in Indiana and the
equivalent Caseyville and Tradewater Formations in Illinois and Kentucky (Figure 2.6).
12

These sediments were deposited in fluvial/estuarine conditions. The proto Illinois Basin
was southwardly open to the sea at this time (Klein and Hsui, 1987). Basal
Pennsylvanian rocks are oldest to the south and youngest to the north and west. This is
because incised river systems are created at the coast where the land meets the sea and
build landward – In this case, northward (Zaitlin et al., 1994; Droste and Keller, 1989).
The longest period of erosion (8 million years) was estimated by Droste and Keller
(1989) and occurred in the northeastern limit of the Illinois Basin in Indiana. This
estimate was made under several assumptions, one of which was based on conodont
studies conducted by Rexroad and Merrill (1985), which constrained the timing of
subaerial erosion in southern Illinois; for a full account, see Rexroad and Merrill (1985)
and Droste and Keller (1989).

Figure 2.6. Basal Pennsylvanian equivalents in Indiana and Kentucky.
Source: From Droste and Furer (1995)
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The thickness of basal Pennsylvanian rocks varies across the Illinois Basin. At its
type section near Caseyville, Kentucky, the Caseyville Formation occurs in the
Evansville Paleovalley as a 500-foot thick conglomeratic channel sandstone with shale,
limestone and coals (Rice, 2001). The Tradewater type section, named from exposures
along the Tradewater River in Kentucky, occurs as a 600-foot thick sequence of
sandstone, siltstone and shale with several limestone and coal beds (Rice, 2001).
Sandstone of the Tradewater occurs as fine-medium grained and is less abundant and
more sheet-like than the Caseyville sandstone (Rice, 2001; Eble et al., 2001). The
Mansfield Formation in Indiana reaches a thickness of over 650 feet. Figure 2.6 shows a
stratigraphic column with the Mansfield, Caseyville and Tradewater Formations.
Alphabetical subdivisions of the Mansfield Formation were chosen by Droste and Furer
(1995).
Basal Pennsylvanian sandstones were deposited in an incised fluvial system
which is analogous with the modern Amazon River drainage area (Archer and Greb,
1995). The sediments were deposited during coastal onlap, starting at the coastline and
moving landward as base level rose (Zaitlin et al., 1994). Backfilling was first isolated to
the incised channels, creating estuaries (Droste and Keller, 1989). As the incised
channels were filled, sedimentation expanded to the interfluvial areas. Two distinct types
of sandstone are associated with this incised fluvial system: 1) coarse, conglomeratic
elongate sandstone bodies mostly isolated to the incised channel, and 2) relatively finer,
more sheet-like sandstone which extends to the interfluvial areas (Eble et al., 2001;
Droste et al., 2000).
The geometry of the incised fluvial system in the Illinois Basin is characterized by
mesa-like topography (Bristol and Howard, 1974) (Figure 2.7). Valley walls consist of
14

steep, unaltered limestone terraces of the Chesterian. Slump blocks of Chesterian
limestone are common (Nelson, 1990).

Figure 2.7. Diagrammatic view of mesa-like topography characterizing subPennsylvanian paleovalleys. Source: From Bristol and Howard (1974)

2.4 Previous Studies
2.4.1 Mapping the Mississippian-Pennsylvanian Unconformity
Much work has been completed on identification and mapping of the
Mississippian-Pennsylvanian unconformity and many methods have been utilized, such
as geophysical logs, petrographic analysis, thermoluminescence, seismic, and residual
mapping of the overlying Colchester Coal (Zaitlin et al., 1994; Howard and Whitaker,
1988; Atherton et al., 1960; Parks, 1953). The most common and practical method of
identifying the unconformity through drilling is by identifying the youngest unit of the
Chester Series through the use of geophysical well logs (Siever, 1951).
The first regional map of the Mississippian-Pennsylvanian unconformity was
produced by Siever (1951). He used 3,000 well records to map the unconformity in
southern Illinois. Bristol and Howard (1971) used geophysical data from more than
15

53,000 boreholes in order to produce a paleogeologic map of the Pre-Pennsylvanian
surface (uppermost Chesterian siliciclastic-carbonate couplets below the MississippianPennsylvanian unconformity) for the entire Illinois Basin. In addition to the
paleogeologic map, a basin-wide paleovalley map was also produced (Bristol and
Howard, 1971) (Figure 2.8). The paleogeologic map of the pre-Pennsylvanian surface
can be used to determine the uppermost Chesterian unit for any point in the Illinois Basin.
The paleovalley map is useful for locating traps associated with the paleovalleys in the
Mississippian-Pennsylvanian disconformity. Droste and Keller (1989) created the most
detailed map of the Mississippian-Pennsylvanian unconformity in southwestern Indiana.
They used over 20,000 well logs and were able to identify six physiographic regions
controlled by the youngest Chesterian bedrock. Since this study comprises the entire
Illinois Basin, Bristol and Howard’s (1971) basin-wide maps were used.

16

Figure 2.8. Sub-Pennsylvanian paleovalleys in relation to structural features in the
Illinois Basin. Source: From Bristol and Howard (1971)

2.4.2 Petroleum Occurrences at the Mississippian-Pennsylvanian Unconformity
The presence of hydrocarbons in Mississippian-Pennsylvanian paleovalley fill has
been recognized since the 1930s (Shiarella, 1933; Strachan, 1935). Despite the fact that
these reservoirs have been recognized for eight decades, there is a paucity of data in the
literature regarding hydrocarbon accumulation in basal Pennsylvanian paleovalley fill.
Howard and Whitaker (1988: 22) recognized that, “traps associated with paleovalleys at
the Mississippian-Pennsylvanian unconformity could prove to be important targets for
17

future oil and gas exploration.” Oltz et al. (1990: 492) describes the MississippianPennsylvanian paleovalley reservoir as, “a previously unrecognized or underexplored
play within the [Illinois] basin.”
It is unknown how much of the approximately 500 million barrels of oil (MMBO)
that have been produced from Pennsylvanian reservoirs in the Illinois Basin come from
incised paleovalley reservoir fill (Howard and Whitaker, 1990). Most of the exploration
in Pennsylvanian rocks in the Illinois Basin was guided by structural prospects. Over
75% of Pennsylvanian production comes from the La Salle anticlinal belt (Ibid). As a
result, Mississippian-Pennsylvanian paleovalley reservoirs are discovered more by
accident than on purpose. For example, a hydrocarbon-bearing basal Pennsylvanian
conglomeratic paleovalley sandstone went unrecognized for more than 70 years in the
Main Consolidated Field – A very old and densely drilled oil field in Crawford County,
Illinois along the La Salle anticlinal belt. (Workman, 1940; Howard and Whitaker, 1988).
This paleovalley reservoir has been cited as “the only documented example of basal
Pennsylvanian production in an incised-paleovalley fill..” (Kvale and Archer, 2007: 812).
There are many documented occurrences of hydrocarbon production from basal
Pennsylvanian paleovalley fill. Noger (1984) and May (2013) studied heavy oil deposits
in the Brownsville paleovalley along the Pennsylvanian outcrop belt in south-central
Kentucky. Rose (1963) documented basal Pennsylvanian production in fields along the
Greenville and Drakesboro paleovalleys in Muhlenburg County. Shiarella (1933),
Strachan (1935) and Greb (1988) have noted oil production from incised paleovalley fill
in the Madisonville paleovalley along the Rough Creek Fault Zone. The most significant
documentation of hydrocarbon production from sub-Pennsylvanian paleovalley fill in the
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Illinois Basin occurs along the Benton-Fairfield paleovalley in southeastern Illinois and
was conducted by Howard and Whitaker (1988).
Shiarella (1933) and Strachan (1935) first recognized MississippianPennsylvanian paleovalleys as reservoirs for hydrocarbons north of the Rough Creek
Graben in Ohio County, Kentucky. Oil occurred here in conglomeratic sandstone lenses
located in the deepest and narrowest parts of the paleovalleys (Strachan, 1935). The
wells producing from these reservoirs ranged from 400 to 600 feet deep, which is very
shallow. Typical initial production rates of these wells ranged from 300 to 900 barrels of
oil per day (BOPD), with a maximum initial production of 1750 BOPD for one well
(Shiarella, 1933; Strachan, 1935). Shiarella (1933) observed that hydrocarbon production
was not controlled by anticlines. He proposed that hydrocarbon accumulation in these
paleovalleys was controlled by the sandstone conditions and porosity, not structure.
Strachan (1935) proposed that oil migrated into basal Pennsylvanian paleovalley fill
through: 1) joints reaching deeper accumulations, and 2) areas opened up by channel
incisement into previous accumulations in Chesterian strata.
In a study of hydrocarbon production from sub-Pennsylvanian paleovalleys in
western Kentucky, Greb (1988) identified that the only significant oil production from
basal Pennsylvanian paleovalley fill occurred north of the Rough Creek Graben along the
Madisonville paleovalley in Daviess, Ohio, and McLean Counties (Figure 2.9). Greb
(1988) proposed that the traps are stratigraphic, but that migration to traps may be
structurally controlled due to their location along the Rough Creek Graben.
Hydrocarbons would migrate upward from the New Albany Shale through faults into
sub-Pennsylvanian paleovalleys . Greb (1988) reports that oil rarely migrates from
underlying Chesterian reservoirs in this location in western Kentucky, citing that most of
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the basal Pennsylvanian sandstones unconformably overlie the Menard limestone, which
is not very productive in this area.

Figure 2.9. Oil and gas fields producing from the Caseyville Formation along the
Madisonville paleovalley in western Kentucky.
Source: Modified by London et al. (2013) from Greb (1988)

Not included in Greb’s (1988) assessment of sub-Pennsylvanian paleovalley
reservoirs in western Kentucky are some productive fields in Muhlenberg County, which
lie south of the Rough Creek Graben (Figure 2.10). The Belton, Rhodes School, New
Cypress, and Greenville Fields have produced hydrocarbons from Caseyville sandstone
and conglomerate, although the Belton Field has the only significant production (Rose,
1963). Oil in the Belton Field occurs in sandstone lenses in the Upper Caseyville along
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the Drakesboro Paleovalley. Every oil and gas field producing from the Caseyville
Formation in Muhlenberg County is coincident with faults of the Pennyrile Fault Zone.

Figure 2.10. Oil and gas fields producing from the Caseyville Formation along the
Madisonville paleovalley in western Kentucky as reported by Rose (1963).
Source: Rose (1963) and Bristol and Howard (1971).

Howard and Whitaker (1988) focused their efforts on a single paleogeomorphic
trap in Crawford County, Illinois. A cross section of that trap is shown below in Figure
2.11. This paleovalley is 196 feet (60 meters) deep and produced from an isolated
conglomeratic basal Pennsylvanian sandstone at the bottom of the channel (Kvale and
Archer, 2007). An impermeable shale layer above the sandstone acts as a seal to trap the
hydrocarbons within the paleovalley. Recoverable oil from primary and secondary
methods was estimated at 1.4 million barrels of oil for sixteen wells (Howard and
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Whitaker, 1990). This paleovalley produced from an already prolific oil field on the
flank of the Hardinville Anticline.

Figure 2.11. Cross section of an oil producing paleovalley in eastern Illinois. BPR =
basal Pennsylvanian Reservoir Source: From Howard and Whitaker (1988).

Sedimentation Seminar (1978) workers recognized two types of stratigraphic
traps associated with paleovalleys in the Illinois Basin. One trap occurs where
paleovalleys incise into marine source beds, allowing hydrocarbons to migrate into
porous basal-Pennsylvanian sandstones. The second trap recognized by the
Sedimentation Seminar (1978) occurs where paleovalleys incise hydrocarbon-charged
reservoir rock, where either: 1) alluvial shale fill in the paleovalleys acts as a seal for the
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incised reservoir rock (Sedimentation Seminar, 1978), or 2) hydrocarbons migrate into
porous basal-Pennsylvanian sandstone from the underlying hydrocarbon-charged
reservoir rock (e.g., Greb, 1988). Shales overlying or within Caseyville sandstones
would act as the sealing mechanism in this scenario. A third type of stratigraphic trap is
recognized by Greb (1988), which proposes structural influences. Hydrocarbons in this
third trap come from deeper source rocks migrating along faults, joints and fractures into
porous basal-Pennsylvanian sandstone channel fill in paleovalleys. Figure 2.12 is a
diagram showing these proposed types of stratigraphic traps.

Figure 2.12. Diagram showing types of stratigraphic traps in sub-Pennsylvanian
paleovalleys. Source: From Greb (1988).
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Such stratigraphic traps associated with the Mississippian-Pennsylvanian
unconformity are potentially located throughout the entire Illinois Basin. With the
exception of studies previously mentioned, the extent to which the paleovalleys have
been explored and exploited for hydrocarbons in the Illinois Basin is undocumented
(Kvale and Archer, 2007). In the absence of a basin-wide study, the geologic factors
controlling hydrocarbon migration, emplacement and entrapment in sub-Pennsylvanian
paleovalleys are poorly understood. Such a basin-wide study is made possible through
the use of analysis by GIS.

2.5 GIS in Geology
Chang (2008:5) defines GIS as “a computer system for capturing, storing,
querying, analyzing, and displaying geospatial data.” Since all geologic data are
inherently geospatial, GIS is especially useful as a tool for geologists. GIS allows
geoscientists to: 1) organize an otherwise unmanageable amount of spatial data; 2)
visualize spatial data to reveal patterns which would otherwise be unrecognizable; 3)
query spatial data to obtain specific information and identify areas of interest; 4) combine
disparate datasets to reveal patterns unnoticed when looking at individual datasets; 5)
analyze spatial data through measurements and geostatistical computations; and 6) make
spatial predictions, such as the likelihood of petroleum occurrence in a subPennsylvanian paleovalley at a particular location (Slocum et al., 2005; Bonham-Carter,
2000).
GIS has been used by geologists and other geoscientists in a variety of ways, such
as mineral potential mapping and other geological resource investigations, hazard
mapping, environmental impact studies, hydrologic modelling, subsurface modelling and
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many others (Bonham-Carter, 2002). Geologists in the petroleum industry use GIS to
make informed decisions and minimize risk. A petroleum geologist might use the
contouring and gridding functions of GIS to construct structural and isopach maps in
order to reveal structural features which might trap hydrocarbons, or they might use it
simply to manage a well database. This study utilizes spatial data manipulation and
analysis in an attempt to identify spatial associations between producing/non-producing
paleovalleys and certain geologic factors.
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Chapter 3: Data and Methodology
3.1 Data and Data Sources
Data used in this research are from secondary sources obtained mostly from those
state surveys working within the Illinois Basin. Table 3.1 lists the datasets and their
sources. The Environmental Systems Research Institute’s (ESRI) ArcGIS 10.1 software
was used as the main GIS software. Well records were retrieved from the Kentucky
Geological Survey (KGS, 2013), Indiana Geological Survey (IGS, 2013) and Illinois
State Geological Survey (ISGS, 2013) and include attributes, which are tabular data
linked to the well points. The set of well attributes varies among the different states.
Kentucky has the most comprehensive set of attributes and Illinois possesses the least.
Since this study comprises the entire Illinois Basin, only attributes common to all three
states could be used for analysis. The only attributes common to all three states are an
American Petroleum Institute (API) number (a unique well identifier), Latitude/
Longitude, and Status. Status indicates the type of well that was drilled; this could be oil,
gas, dry, water injection, water disposal, etc.
Public Land Survey System/Carter grids, faults, and structural features were
obtained from the KGS (2013), IGS (2013) and ISGS (2013). State and county
boundaries were obtained from the U.S. Census (2010). Illinois Basin-wide subPennsylvanian paleogeology and paleovalley maps were sourced from Bristol and
Howard (1971). Pennsylvanian oil and gas fields were obtained from the IIGS (1988).
The Illinois Basin boundary was taken from Buschbach and Kolata (1990). Well logs
were procured exclusively from the ISGS (2013) using the Illinois Oil and Gas Resources
(ILOIL) Internet Map Service (http://maps.isgs.illinois.edu/iloil/).
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Data
Well Records
Faults/Structure
Paleovalleys
SubPennsylvanian Paleogeology
Pennsylvanian Oil and Gas Fields
State/County Boundaries
Illinois Basin Boundary
PLSS Township and Range/Carter Grid
Geophysical Logs

Source
KGS (2013), IGS (2013), and ISGS (2013)
KGS (2013), IGS (2013), and ISGS (2013)
Bristol and Howard (1971)
Bristol and Howard (1971)
IIGS (1988)
U.S. Census Bureau (2010)
Buschbach and Kolata (1990)
KGS (2013), IGS (2013), and ISGS (2013)
ISGS (2013)

Table 3.1. Datasets and sources.

3.2 Methodology
3.2.1 Georeferencing and Digitization
Much of the data needed for regional characterization was not in a georeferenced
format. In order to be imported into a GIS, the data had to be georeferenced and/or
digitized. Bristol and Howard’s (1971) paleovalley and sub-Pennsylvanian paleogeology
maps as well as Pennsylvanian oil and gas fields were georeferenced based on a set of
georeferencing control points selected from the township and range grid in Illinois and
Indiana and the Carter Coordinate System in Kentucky. Bristol and Howard’s (1971)
paleovalley lines were digitized and converted to line features in GIS. Figure 3.1 shows
the digitized paleovalleys in the Illinois Basin and Figure 3.2 shows the georeferenced
sub-Pennsylvanian paleogeology.
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Figure 3.1. Georeferenced and digitized sub-Pennsylvanian paleovalleys.
Source: US Census (2010), Buschbach and Kolata (1990), Bristol and Howard
(1971).
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Figure 3.2. Georeferenced sub-Pennsylvanian paleogeology
Source: US Census (2010), Buschbach and Kolata (1990), Bristol and Howard,
(1971).

3.2.2 Well Data Manipulation
The well data downloaded from the KGS (2013), IGS (2013) and ISGS (2013)
required some manipulation before they could be used in analysis. First, the wells from
Kentucky, Indiana, and Illinois were merged into one file. The well datasets had three
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attributes in common, only one of which could be used for any spatial analysis: the status
or type of well. The well status indicates which type of well was drilled. This could be
oil, gas, dry, water injection, water disposal or any other type of well that could be
drilled. Since this study is concerned with hydrocarbons, this attribute was used to parse
oil, gas and dry wells from the entire well database. Oil and gas wells are wells that
were drilled and produced or showed oil or gas. Dry wells are wells that were drilled for
oil and gas but were either nonproductive or have since become barren of hydrocarbons
and thus abandoned. Each geological survey had its own codes regarding well
status/type. Decisions were then made regarding which code fit into the oil, gas or dry
category. A table of the well-status codes and their categorical designations can be found
in Appendix I. A description of each code can be found in Appendix II.

3.2.3 Kernel Density Estimation (KDE)
The purpose of this research was to determine the geologic factors controlling
hydrocarbon accumulation in sub-Pennsylvanian paleovalleys in the Illinois Basin. One
way this can be achieved is by identifying areas along paleovalleys with and without
hydrocarbon accumulation and comparing the geologic factors to determine what varies
geologically among these locations. Paleovalleys with hydrocarbon accumulation have
been identified in studies previously mentioned (Howard and Whitaker, 1988; Rose,
1963; Strachan, 1935; Shiarella, 1933). Hydrocarbon production data in the Illinois
Basin is not detailed enough to identify additional hydrocarbon-bearing subPennsylvanian paleovalley reservoirs nor is it useful in locating unproductive paleovalley
reservoirs. Furthermore, without production data, it is impossible to confirm the presence
of hydrocarbons in sub-Pennsylvanian paleovalley fill without a detailed, basin-wide
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subsurface investigation, which is beyond the scope of this research. It is possible,
however, given the available data, to identify areas along paleovalleys which have the
greatest likelihood not to contain hydrocarbons. In the absence of detailed hydrocarbon
production data in the Illinois Basin, some method must be used to identify areas without
hydrocarbon accumulation in sub-Pennsylvanian paleovalleys. Only areas that have been
drilled can be compared because areas that have not been drilled lack any subsurface
data. So the first step was to locate areas along paleovalleys that were densely drilled and
thus had the most subsurface data.
Kernel density estimation (KDE) was used to calculate well density across the
Illinois Basin. KDE is a form of spatial point pattern analysis which estimates the density
of point features across a study area. A kernel is a user-defined region, usually a circle of
a chosen radius, centered at the location where the density calculation is to be made
(O’Sullivan and Unwin, 2003). The density of point events in the kernel is calculated
and recorded for that center location. A distance weighted calculation is used in KDE, so
points closer to the center location are weighted more heavily than points farther away.
In this study, density surfaces were created across the Illinois Basin for the entire well
database as well as for the oil, gas and dry well types respectively.
KDE was used to calculate wells per square mile for both the entire well database
and the different well types (oil, gas, dry). Many parameters were tested in order to find
the appropriate set. Figures 3.3a and 3.3b show a comparison of density surfaces for all
wells with five and 30-mile search radii respectively. Faults are shown as black lines and
the hinge lines of other structural features are shown as red lines. The five-mile search
radius produces a more localized pattern whereas the 30-mile search radius produces a
more regional pattern. For the purpose of this research, the five-mile search radius was
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chosen. This search radius is appropriate given the scale of the paleovalleys, which can
range from approximately one mile to over 20 miles wide. It would be inappropriate to
use a search radius greater than ten, as that would exceed the width of the widest
paleovalley.

Five-Mile Radius

Local
Figure 3.3a. Kernel density of the entire well database using a five-mile search
radius. Source: US Census (2010), KGS, IGS, ISGS (2013), Buschbach and Kolata
(1990), Bristol and Howard (1971).
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Thirty-Mile Radius

Regional
Figure 3.3b. Kernel density of the entire well database using a 30-mile search radius.
Source: US Census (2010), KGS, IGS, ISGS (2013), Buschbach and Kolata (1990),
Bristol and Howard (1971)).
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Once areas were identified with high drilling densities, they were then compared
to known Pennsylvanian oil and gas fields to determine which sites had no associated
Pennsylvanian production. The sites with no Pennsylvanian production and very high
well densities should be sites with no significant hydrocarbon accumulation in subPennsylvanian paleovalleys. Since Pennsylvanian reservoirs are the shallowest in the
Illinois Basin, any well drilled for oil or gas should at least be as deep as the
Pennsylvanian. If any significant oil or gas had accumulated in the shallow
Pennsylvanian reservoirs, it would have been developed into an oil or gas field unless
some other conditions prevented it from being extracted. Moreover, if an area has a high
density of oil or gas wells and does not coincide with a Pennsylvanian oil or gas field,
then the oil must be coming from a deeper pay zone than the Pennsylvanian and must
have penetrated the Mississippian-Pennsylvanian unconformity. If oil or gas had been
encountered in basal Pennsylvanian paleovalley fill, it should have been reported as
Pennsylvanian production unless mistaken for a Chesterian sandstone. This detail was
assessed by determining which pay zones are productive in these sites and whether or not
those pay zones would be confused for basal Pennsylvanian paleovalley fill. These sites
were then compared to previously known hydrocarbon-producing sub-Pennsylvanian
paleovalley reservoirs to determine why hydrocarbon accumulation occurs in some subPennsylvanian paleovalleys and not in others.

3.2.4 Cross Sections
Once the geologic conditions were determined, a site in Crawford County, Illinois
was chosen as the most viable area for cross sectioning. All available data, including
previous studies and the density surfaces created in this study, were used to guide the
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selection of this site. Cross sections were constructed to gain both a better understanding
of the reservoir and to assess the utility of using all the combined data in GIS as a guide
for locating reservoirs. Scanned well logs were downloaded from the Illinois State
Geological Survey. Resistivity logs were used to make the cross sections. Resistivity
logs measure electrical resistivity in rocks, which is related to the type of fluid in the pore
space. Often referred to as an electric log or e-log, the primary functions of the resistivity
log are to differentiate hydrocarbon versus water-bearing formations and identify
permeable from impermeable rock (Asquith and Krygowski, 2004). This allowed for the
identification of permeable reservoirs and impermeable seals and helped determine what
fluid was in the reservoirs. The cross sections were made in ArcGIS version 10.1.
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Chapter 4: GIS Analysis
4.1 Well Points
Figure 4.1 shows all available well records in Kentucky, Illinois, and Indiana.
There are 792,368 total well records in the study area: 570,328 from Illinois, 77,241
from Indiana, and 144,799 from Kentucky. These well records include all types of wells:
oil, gas, dry, injection, water disposal, etc. Of those wells, 134,291 are oil, 15,041 are
gas, and 107,539 are dry. This means there are 535,497 wells from the complete well
database that do not fit into the categories of oil, gas, or dry. It is difficult to observe any
trend along paleovalleys by looking at Figure 4.1. Wells occur along paleovalleys in
most locations, with the exception of some spots in Indiana and Kentucky.
Figure 4.2 shows oil wells in Kentucky, Illinois, and Indiana. There appears to be
a good correlation with oil wells and the paleovalleys in eastern Illinois, but it is hard to
discern from the well points. Figure 4.3 shows gas wells in the Illinois Basin. Gas wells
make up a small portion of wells in the Illinois Basin and occur mainly along the flanks.
Figure 4.4 shows dry wells in the Illinois Basin. Dry wells are more dispersed than oil or
gas wells. When a well produces oil or gas, more wells will be drilled in the vicinity
toward the development of an oil or gas field. If the well is dry, there is no reason to drill
another well in the vicinity. Many exploratory wells, referred to as “wildcat” wells in the
industry, are often dry and thus the area is abandoned after drilling. This practice of
drilling oil and gas wells next to other oil and gas wells is commonly referred to in the
industry as “close-ology”. It means that oil and gas wells are commonly drilled next to
other producing oil and gas wells. This explains why the oil and gas wells are more
clustered than the dry wells.
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Figure 4.1. Indiana, Illinois and Kentucky well points. Source: US Census (2010),
KGS, IGS, ISGS (2013), Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.2. Illinois Basin oil wells. Source: US Census (2010), KGS, IGS, ISGS
(2013), Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.3. Illinois Basin gas wells. Source: US Census (2010), KGS, IGS, ISGS
(2013), Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.4. Illinois Basin dry wells. Source: US Census (2010), KGS, IGS, ISGS
(2013), Buschbach and Kolata (1990), Bristol and Howard (1971).
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4.2 Kernel Density Estimation (KDE)
KDE was used to calculate wells per square mile for the entire well database and
the different well types (oil, gas, dry). Figure 4.5 shows the kernel density of all wells
with structure and faults laid on top. There is a clear trend of high well density along
faults and structural features. There are many areas of high well density along
paleovalleys. In fact, the highest density sites, which can have up to 199 wells per square
mile, all occur along paleovalleys. The density surface in Figure 4.5 was calculated
based on the entire well database. It does not show which of these density hotspots are
related to oil or gas drilling activity. This map is useful because it identifies areas with
the highest drilling densities which should be areas with the best well control. Good well
control is necessary to identify areas with no significant hydrocarbon accumulation in
sub-Pennsylvanian paleovalleys.
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Figure 4.5. Kernel density of all wells with faults and structural features.
Source: US Census (2010), KGS, IGS, ISGS (2013), Buschbach and Kolata (1990),
Bristol and Howard (1971).
Figure 4.6 shows the drilling density of oil wells with faults and structural
features. There is a clear trend in high oil-well density running along faults, folds and
other structural features. The sites with the highest oil-well densities all occur along subPennsylvanian paleovalleys. Some areas in the basin have oil-well densities as high as
118 oil wells per square mile. The kernel density estimations of all wells and oil wells
(Figures 4.5 and 4.6) reveal many of the same density hotspots. This indicates that oil
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wells are the most densely drilled in the Illinois Basin. Oil wells are usually drilled next
to other oil wells as oil and gas fields develop. This should mean that areas with high oil
well density should also be areas with high oil production.
The density of gas wells is shown in Figure 4.7. There are far fewer gas wells
than any other type of wells being analyzed. The main “hotspots” of gas occur on the
flanks of the basin. There is significantly less gas than oil associated with the
paleovalleys, with the exception of some hotspots in Indiana and Kentucky. Gas-well
density doesn’t exceed seven gas wells per square mile in the Illinois Basin.
Figure 4.8 shows the drilling density of dry wells. Dry wells are wells which did
not produce oil or gas. The pattern of dry-well density is very similar to the pattern of
all-well and oil-well density, except that dry-well density is more dispersed. This is
probably due to the many exploratory wells drilled throughout the basin in search of oil
and gas. When a well is dry, the area is usually abandoned. High dry-well density occurs
where there is a clustering of dry wells. Dry-well hotspots can show mature, played out
oil and gas fields, especially if they correspond to oil or gas hotspots. Alternatively, they
may also be reflective of poor stimulation techniques and related technological
limitations. They may also represent missed pay horizons. Dry-well density doesn’t
exceed 27 dry wells per square mile in the Illinois Basin.
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Figure 4.6. Drilling density of oil wells. Source: US Census (2010), KGS, IGS, ISGS
(2013), Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.7. Drilling density of gas wells. Source: US Census (2010), KGS, IGS,
ISGS (2013), Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.8. Drilling density of dry wells. Source: US Census (2010), KGS, IGS,
ISGS (2013), Buschbach and Kolata (1990), Bristol and Howard (1971).

4.3 Site Selection
The purpose of the site selection is to identify sites along sub-Pennsylvanian
paleovalleys with the greatest likelihood of not containing hydrocarbons. These sites can
then be compared to areas with documented sub-Pennsylvanian paleovalley production to
determine what varies geologically. First, sites must be identified with the highest well
densities. These will be sites that have been densely penetrated by wells and, therefore,
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have the most subsurface data. The areas with the highest densities were selected for
each type of well towards the creation of a density hotspot map. Figures 4.9, 4.10, 4.11
and 4.12 show the sites chosen based on the drilling density of all, oil, gas and dry wells
respectively.

Figure 4.9. Density hotspot selection of all wells. Source: US Census (2010),
Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.10. Density hotspot selection of oil wells. Source: US Census (2010),
Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.11. Density hotspot selection of gas wells. Source: US Census
(2010), Buschbach and Kolata (1990), Bristol and Howard (1971).
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Figure 4.12. Density hotspot selection of dry wells. Source: US Census (2010),
Buschbach and Kolata (1990), Bristol and Howard (1971).

All four types of density hotspots were then overlaid for comparison. In Figure
4.13, the black polygons represent areas of high oil-well density; gas sites are red; dry
sites are shown in yellow. Sites representing overall drilling density are gray. An
overlay like this is useful for visualization because it allows for the quick comparison of
data from several maps.
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Figure 4.13. Attribute map of drilling-density hotspots. Source: US Census
(2010), Buschbach and Kolata (1990), Bristol and Howard (1971).

Sites were chosen with high oil (black) and/or overall (gray) well densities. These
sites had the highest well densities, which means they should have the most data. There
are no gas hotspots that occur near all hotspots or oil hotspots. Only one dry hotspot
occurs where there is high overall well density. Dry and gas wells had significantly
lower well densities than those of all wells or oil wells. Sites with only gas and/or dry
hotspots were not chosen for this reason. Figure 4.14 shows the final selection of density
hotspots for further analysis.
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Figure 4.14. Density hotspot site picks. Source: US Census (2010),
Buschbach and Kolata (1990), Bristol and Howard (1971).

The next step was to determine which hotspots were related to Pennsylvanian
hydrocarbon production and which were not. Since the Pennsylvanian is the shallowest
reservoir, wells drilled in these hotspot locations should have penetrated the
Pennsylvanian. There are many reservoirs in the Pennsylvanian outside of paleovalleys,
so it is impossible to determine if the hotspots related to Pennsylvanian oil and gas
production are specifically related to basal Pennsylvanian paleovalley fill. However, it is
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possible to identify sites with the greatest likelihood of not containing hydrocarbons in
sub-Pennsylvanian paleovalley fill. Hotspots with no related Pennsylvanian oil and gas
fields must have produced hydrocarbons from deeper reservoirs than the shallow
Pennsylvanian. This necessarily means that the wells in these locations penetrated the
Mississippian-Pennsylvanian unconformity. These areas are densely drilled, so if any
significant oil or gas accumulations had been encountered while drilling, it should have
been exploited and developed into Pennsylvanian oil or gas fields. The absence of
Pennsylvanian oil or gas fields in these densely drilled locations indicates the absence of
hydrocarbons in basal Pennsylvanian paleovalley fill. Figure 4.15 shows the density
hotspot selections with Pennsylvanian oil and gas fields. The sites highlighted in yellow
are sites which have either no or minimal Pennsylvanian oil and gas fields. The site
along the Vandalia paleovalley has one area of Pennsylvanian production which will be
discussed later.
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Figure 4.15. Density hotspot site picks with Pennsylvanian oil and gas fields. Sites
with no significant Pennsylvanian oil and gas fields are highlighted in yellow.
Source: US Census (2010), Buschbach and Kolata (1990), IIGS (1988), Bristol and
Howard (1971).

4.4 Discussion
Pennsylvanian oil and gas fields are isolated mainly on the eastern edge of Illinois
along the LaSalle anticlinal belt and along the Wabash and Rough Creek Fault Zones.
The largest field is in Crawford County, which is the site of Howard and Whitaker’s
(1988) documented paleovalley trap. This area has one of the higher oil-well densities in
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the Illinois Basin. The density hotspot in Indiana along the Evansville Paleovalley and
the hotspots in Illinois along the eastern border correspond to producing Pennsylvanian
oil and gas fields. The hotspots highlighted in yellow in central Illinois along the Mt.
Vernon-Ste. Marie and Farina Paleovalleys do not correspond to known Pennsylvanian
oil and gas fields. The site located along the Vandalia Paleovalley has minimal
Pennsylvanian oil and gas fields. This means that paleovalleys in these areas are not
likely to contain petroleum and the kernel density hotspots are attributed to production
from other strata. Figure 4.16 shows the sites with Pennsylvanian oil and gas fields and
structure/fault data. All the sites with no oil and gas fields occur along major anticlines.
This indicates that the absence of Pennsylvanian production in these paleovalleys is not
due to a lack of structural highs. In other words, there is an absence of Pennsylvanian
production despite a potentially strong structural trapping mechanism. The hotspot along
the Vandalia paleovalley is different. There is a small Pennsylvanian oil or gas field
located along the hinge line of the Louden Anticline, although this site is mostly devoid
of Pennsylvanian production. Comparing the hotspots to Bristol and Howard’s (1971)
sub-Pennsylvanian paleogeology provides insight into this pattern (Figure 4.17).
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Figure 4.16. Density hotspot site picks with Pennsylvanian oil and gas fields and
structure/fault data.
Source: US Census (2010), KGS, IGS, ISGS (2013), Buschbach and Kolata (1990),
IIGS (1988), Bristol and Howard (1971).
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Figure 4.17. Density hotspot site picks with sub-Pennsylvanian paleogeology.
Source: US Census (2010), Buschbach and Kolata (1990), Bristol and Howard
(1971).

The paleogeology indicates which Chesterian units lie directly below the
Mississippian-Pennsylvanian unconformity. Paleochannels appear as linear bodies of
locally older Chesterian strata. Howard and Whitaker’s (1988) paleovalley reservoir
occurs as a bar deposit southeast of the Benton-Fairfield thalweg, which is shown in the
inset map of Figure 4.18 as a blue line. The reservoir occurs in locally older Cypress
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Sandstone/Paint Creek Group couplet. The Cypress Sandstone is a known producer of oil
and gas in this area. This area is also a hotspot for Pennsylvanian production, having the
largest producing Pennsylvanian field in the Illinois Basin. The hotspots along the Mt.
Vernon-Ste. Marie, Farina and Vandalia paleovalleys which do not have Pennsylvanian
oil and gas fields are located deeper in the basin. Here, the paleovalleys intersect Upper
Chesterian strata of the Tar Springs-Glen Dean, Waltersburg-Vienna, Palestine-Menard,
Degonia-Clore and Cave Hill-Negli Creek couplets. The sandstone bodies in these
couplets are neither laterally extensive nor very productive in this part of the basin (IIGS,
1988).
The southernmost site along the Grayville-Lawrenceville Paleovalley has the
same sub-Pennsylvanian paleogeology as the unproductive sites, but it is located along
the Wabash Valley Fault Zone. This indicates that hydrocarbons could be migrating
upward into paleovalleys through faults in this area. A similar situation occurs just west
of the site pick along the Farina Paleovalley. There’s a “ribbon” of oil and gas fields
which follows the Centralia Fault, despite unproductive sub-Pennsylvanian paleogeology
in that area. Here, the Pennsylvanian oil and gas fields do not occur where drilling
density is highest along the Salem Anticline as one might expect. Additional evidence
for fault-related hydrocarbon migration into sub-Pennsylvanian paleovalleys can be seen
in Kentucky. All known occurrences of hydrocarbon accumulation in basal
Pennsylvanian paleovalley fill in Kentucky occur along the Rough Creek and Pennyrile
Fault Zones. Both Strachan (1935) and Greb (1988) proposed that faults could be the
primary migration path of hydrocarbons in sub-Pennsylvanian paleovalleys along the
Rough Creek Fault Zone. Greb (1988) stated that hydrocarbons did not likely migrate
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from the underlying Chesterian units in this location because these Mississippian rocks
are unproductive.

Figure 4.18. Crawford County paleogeology with the boundary of Howard and
Whitaker’s (1988) paleovalley reservoir. Source: US Census (2010), Buschbach and
Kolata (1990), Howard and Whitaker (1988), Bristol and Howard (1971).

The regional study revealed the geologic conditions controlling the distribution of
hydrocarbon accumulation in paleovalleys. Regarding hydrocarbon accumulation in
paleovalleys, there is a correlation between oil-bearing sub-Pennsylvanian paleogeology,
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faults, and Pennsylvanian production. This explains why there is no significant
Pennsylvanian production in the deeper part of the basin where the youngest Chesterian
strata lie directly below the unconformity. In the areas outside of major fault zones,
migration of hydrocarbons into sub-Pennsylvanian paleovalleys appears mostly
controlled by the presence of hydrocarbons in underlying, incised Chesterian sediments.
Pennsylvanian production in the fault-dominated areas is most likely due to migration of
hydrocarbons upward along the Rough Creek, Wabash Valley and Pennyrile Fault Zones.
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Chapter 5: Cross Sections
5.1 Introduction
Cross sections were made for two reasons: 1) To evaluate the utility of using all
data gathered in GIS to locate paleovalley reservoirs, and 2) to gain a better
understanding of the paleovalley reservoirs themselves. A site along the Benton-Fairfield
paleovalley in Crawford County, Illinois, was chosen as the best site to construct cross
sections. Figure 5.1 shows oil-well density in Crawford County with structural features
and paleovalleys, as well as the boundary of Howard and Whitaker’s (1988) paleovalley
trap. This site contains the largest Pennsylvanian oil field in the Illinois Basin (Main
Consolidated Field), has one of the highest oil well densities in the Illinois Basin, incises
hydrocarbon-charged Chesterian beds and has previously documented production from
the basal Pennsylvanian reservoir. No sites were chosen in Kentucky, despite reported
Pennsylvanian production along the Rough Creek and Pennyrile Fault Zones (Greb,
1988). Well densities in Kentucky are much lower compared to other parts of the basin,
making it difficult to resolve the paleovalleys in the subsurface. Also, the added
complexity of the fault zones would make the already arduous task of identifying the
unconformity and correlating the paleovalley fill in the subsurface nearly impossible
without accompanying seismic data. Sites in Kentucky were not considered for these
reasons.
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Figure 5.1 Study area in Crawford County, Illinois with kernel density of oil wells,
faults, structural features, paleovalleys and an outline of Howard and Whitaker’s
(1988) paleovalley reservoir. Source: U.S. Census (2010), KGS, IGS, ISGS (2013),
Howard and Whitaker (1988), Bristol and Howard (1971).

This site in Crawford County is located at the southern termination of the La
Salle Anticlinal Belt, which is one of the most prominent structural features in the Illinois
Basin. In fact, more than 75% of oil produced from the Pennsylvanian is produced from
reservoirs along the La Salle anticlinal belt (Howard and Whitaker, 1990). Crawford
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County’s position within the basin is in a transitional zone between a shelf area to the east
in Indiana and the steeply dipping basinward slope to the west (Potter, 1956).
Caseyville and Tradewater sediments are indistinguishable in this area. Several
informal names have been used to describe the undifferentiated basal Pennsylvanian oilbearing sandstones, but the Robinson Sandstone is the most prolific (IIGS, 1988). These
Pennsylvanian sandstones can have thicknesses of up to 200 feet (61 meters), but are not
laterally persistent (Potter, 1956). The youngest Chesterian strata range from the
Cypress-Paint Creek to Tar Springs-Glen Dean couplets, but paleovalleys locally incise
much older Chesterian sediments. Howard and Whitaker’s (1988) paleovalley trap
occurs as an elongate sandstone lens located southeast of the main trunk of the Benton
Fairfield paleovalley. The paleovalley trap trends northeast-southwest, intersecting
perpendicularly the Hardinville anticline which has a northwest-southeast orientation.
Howard and Whitaker’s (1988) paleovalley trap occurs in locally older CypressPaint Creek rocks as observed on Bristol and Howard’s paleogeologic map. Linear
bodies of locally older Chesterian strata can be inferred as paleochannels. Using Bristol
and Howard’s map, a linear northeast-southwest trending section intersecting the
Cypress-Paint Creek couplet was identified southeast of Howard and Whitaker’s (1988)
paleovalley trap.

This was assumed to represent a paleovalley and was chosen for

subsurface mapping. Figure 5.2 is a cross section index map with Howard and
Whitaker’s (1988) paleovalley trap and sub-Pennsylvanian paleogeology serving as the
base map.
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Figure 5.2. Cross-section index map with sub-Pennsylvanian paleogeology and
structural features.
Source: US Census (2010), ISGS (2013, Howard and Whitaker (1988), Bristol and
Howard (1971).

5.2 Cross Sections
Four structural cross sections were constructed: Three perpendicular transects
and one longitudinal (Figures 5.4, 5.5, 5.6 and 5.7). The well logs used were downloaded
from the ISGS using the ILOIL map service. See Appendices III and IV for cross section
index maps with API numbers. Electrical resistivity logs were the most widely available
geophysical logs, so they were used to make the cross sections. These logs contained
spontaneous potential in track one and electrical resistivity in track two. Spontaneous
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potential was used to identify permeable and impermeable beds. This log is ideal for
differentiating reservoir from seal. Resistivity was used to determine the type of fluid in
the reservoir. In addition to the geophysical log curves, driller’s notes and lithologic logs
were taken into consideration when available. Figure 5.3 shows the symbols used in the
subsequent figures. Four lithologies were designated: Sandstone, shaley sandstone,
sandy shale and shale. Oil, water and gas shows are marked by black, blue and red bars
respectively. Perforations of hydrocarbon-productive intervals are shown as green bars.

Figure 5.3. Cross Section Legend. Source: Created by author.
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Figure 5.4. Cross Section A. Arrow indicates possible migration
pathway from the Cypress Sandstone in the basal Pennsylvanian
reservoir. Datum is mean sea level. Source: Created by author.
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Figure 5.5. Cross Section B. Datum is mean sea level.
Source: Created by author.
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Figure 5.6. Cross Section C. Datum is mean sea level.
Source: Created by author.
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Figure 5.7. Cross Section D. Datum is mean sea level.
Source: Created by author.
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The search for reservoirs in basal Pennsylvanian paleovalley fill was successful.
The cross sections revealed a paleochannel with multiple reservoirs. It is evident when
comparing Cross Sections B and C just how important dense well spacing is with regard
to resolving the paleovalley fill in the subsurface. Cross Section B shows a very complex
series of reservoirs, with shale and sandstone pinchouts. Cross Section C, however, is a
much simpler “layer cake” interpretation of the paleovalley fill, restricted due to the
presence of only one well in the deeper part of the channel. Cross Section B, on the other
hand, had six wells in the deep channel portion of the paleovalley from which to make
interpretations.
Figures 5.8 and 5.9 show a comparison of two geophysical well logs from Cross
Section A. Figure 5.8 shows the location of Wells 1 and 2 in relation to subPennsylvanian paleogeology and Howard and Whitaker’s (1988) paleovalley reservoir.
Figure 5.9 shows spontaneous potential (SP) and electrical resistivity (Res) curves for
Wells 1 and 2 with mean sea level as the datum. Well 1 is in the deepest part of the
channel while Well 2 is in an adjacent interfluvial area. There is approximately 200 feet
of elevation change between the Mississippian-Pennsylvanian unconformity in these two
wells and they are just over one mile apart.
The deepest part of the paleochannel intersects the oldest Chesterian units and
contains a basal Pennsylvanian sandstone which is absent from the adjacent interfluve.
The Golconda, Barlow, Cypress and Paint Creek are all present in Well 2 but are
completely absent in Well 1. The basal Pennsylvanian sandstone in Well 1 is
approximately 100 feet thick but is absent in Well 2. There is also a thickening of the socalled Robinson sandstones over the paleochannel. The Lower Robinson, which is over
100 feet thick in Well 1 is almost completely absent in Well 2. The basal Pennsylvanian
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reservoir in the paleochannel is at the same elevation as the Cypress sandstone in the
interfluve, making it difficult to differentiate them based on structural position only.

Figure 5.8. Map of Wells 1 and 2 in relation to sub-Pennsylvanian paleogeology and
previously discovered paleovalley reservoir.
Source: ISGS (2013), Howard and Whitaker (1988), Bristol and Howard (1971).
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Figure 5.9. Comparison of electric logs from Wells 1 and 2. Well 1 is in
the deepest part of the paleovalley while Well 2 is in an adjacent
interfluvial area. Depths in feet. Datum is MSL.
Source: Created by author.
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The paleovalley consists of multiple sandstone reservoirs and sealing shales.
Some of the sandstone units appear completely isolated and some appear to be
interconnected. Figure 5.10 permits a closer look at Cross Section B. There is a shale
layer which pinches out to the northwest, connecting reservoirs which are seemingly
separate when observed from other well locations along Cross Section B.

Figure 5.10. Zoomed-in view of Cross Section B showing a shale pinchout between
two reservoirs. Depths in feet. Datum is mean sea level (MSL).
Source: Created by author.
Oil in these reservoirs probably migrated from hydrocarbon-charged Chesterian
units, such as the Cypress and Benoist, through areas of deep channel incisement. Figure
5.11 is a closer view of Cross Section A showing a possible migration pathway from the
Cypress sandstone into the basal Pennsylvanian reservoir as indicated by the arrow. It is
unknown how much oil was originally in the paleovalley reservoirs or how much of that
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oil was recovered. Perforated zones, where reported, were marked in green on the cross
sections. Only Robinson sandstones were recorded as perforated from the wells used to
construct cross sections. The basal Pennsylvanian reservoir exclusive to the deepest part
of the paleochannel was not reported as perforated in any of the 34 wells analyzed in this
study. Where restricted from communication from shallower reservoirs, the basal
Pennsylvanian reservoir could still contain accumulations of oil and gas having been
overlooked during previous drilling efforts in favor of Robinson or Chesterian pay zones.

Figure 5.11. Zoomed-in view of Cross Section A. The arrow shows a possible
migration path of hydrocarbons from Chesterian units into the basal Pennsylvanian
reservoir. Depth in feet. Datum is MSL. Source: Created by the author.
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Cross Section D (Figure 5.7) is a longitudinal profile in the deepest part of the
channel. The basal Pennsylvanian reservoir is persistent along the length of the cross
sectioned area. Shale stratigraphically replaces sandstone as the lithology in basal
contact towards the basinward slope at the southeastern end of Cross Section D. This is
an onlapping transgressive shale, which appears to act as a seal for the Cypress and
Benoist sandstones. These shaley basal contacts could also act as barriers against oil
migration into sub-Pennsylvanian paleovalleys and younger Caseyville/Tradewater
reservoirs. It is unknown how far downslope the shale remains in basal contact with the
unconformity and how laterally extensive this particular paleovalley is beyond the cross
sectioned area.
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Chapter 6: Conclusions and Future Work
6.1 Conclusions
This regional study reveals the most likely migration pathways into subPennsylvanian paleovalleys: 1) From hydrocarbon-charged Chesterian reservoirs
accessed through areas of channel incisement, and 2) through faults accessing deeper
accumulations of oil and gas. There is no direct evidence to support the claim that
hydrocarbons migrate into sub-Pennsylvanian paleovalleys from Chesterian marine
source rocks, as shown in Greb’s (1988) diagram of stratigraphic traps in subPennsylvanian paleovalleys (Figure 2.12). This is consistent with Barrows and Cluff’s
(1984) assessment of source rocks in the Illinois Basin, which asserts the most likely
source of hydrocarbons in Mississippian and Pennsylvanian reservoirs is the New Albany
Shale Group (Devonian-Mississippian), with only minor amounts of hydrocarbons
sourced from younger rocks.
Areas appear either dominated by migration upward along faults or migration
from hydrocarbon-charged Chesterian reservoirs. In Illinois, outside of the Wabash
Valley Fault Zone, where structural features such as the La Salle Anticlinal Belt are the
dominant features, migration and accumulation of hydrocarbons into sub-Pennsylvanian
paleovalleys is controlled by the presence of oil and gas in the Chesterian strata
intersected by the basal Pennsylvanian reservoir (i.e. the sub-Pennsylvanian
paleogeology). Hydrocarbon accumulation in sub-Pennsylvanian paleovalleys in
Kentucky is mostly fault-related. All known significant accumulations of oil and gas in
sub-Pennsylvanian paleovalleys in Kentucky are related to the Rough Creek and
Pennyrile Fault Zones. The sub-Pennsylvanian paleogeology along the Madisonville
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Paleovalley, which contains the largest accumulations of hydrocarbons in subPennsylvanian paleovalleys in Kentucky, is unproductive in that area (Greb, 1988). A
possible explanation for these trends is that there are regional seals that prevent
hydrocarbon migration into Pennsylvanian strata (Cluff, personal communication, May
2013). Migration into sub-Pennsylvanian paleovalleys occurs only where the regional
seals are incised or where there are faults with sufficient offset.
Cross sections reveal a complex paleovalley reservoir system in Crawford
County, Illinois. There are multiple stacked reservoirs comprising the paleovalley fill,
separated by sealing transgressive marine shales. In addition to the basal Pennsylvanian
reservoir restricted to the paleochannel, the paleovalley fill contains shallower, more
sheet-like Caseyville/Tradewater sandstones which extend into the interfluvial areas.
These shallower, undifferentiated Caseyville/Tradewater sandstone units appear to be
thickest over the deepest part of the paleochannel, implying that the paleovalley exerted
some control over their deposition or induration.
Cross Section A shows sandstone-sandstone communication between the Cypress
sandstone and the incised paleovalley fill (Figures 5.4 and 5.11). This supports the idea
that oil is migrating from hydrocarbon-charged Chesterian strata in Crawford County,
Illinois. Cross Section B highlights the complexity of the reservoir, showing several
shale and sand pinchouts (Figures 5.5 and 5.10). Reservoirs in the paleovalley fill can
either be connected or isolated. Where isolated, these sandstone units have the potential
to contain accumulations of oil and gas, even if they are located in heavily drilled, mature
fields. These mature fields could be re-examined in order to locate potentially overlooked basal Pennsylvanian reservoirs in sub-Pennsylvanian paleovalleys. Interconnectivity of sandstone reservoirs in paleovalley fill could be significant with regard to
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migration of oil and gas into younger Pennsylvanian reservoirs throughout the Illinois
Basin. The longitudinal profile Cross Section D (Figure 5.7) shows that shale replaces
sandstone as the basal lithology in contact with the Mississippian-Pennsylvanian unconformity towards the basinward slope. These shaley basal contacts can act as seals for
Chesterian reservoirs and prevent hydrocarbons from migrating into the paleovalley fill.
Data gathered and created in GIS were useful in locating a paleovalley reservoir.
Dense well spacing was found to be critical when correlating the paleovalley fill, as
illustrated by the comparison of Cross Sections B and C (Figures 5.5 and 5.6). The
kernel density maps allowed for the quick identification of areas with dense well
spacings. The sub-Pennsylvanian paleogeologic map further guided the search for a
paleovalley reservoir by revealing potential paleovalleys as linear bodies incising deeper
Chesterian units than the surrounding areas.

6.2 Future Work
This research provides the framework for a predictive model designed for future
hydrocarbon exploration in sub-Pennsylvanian paleovalleys in the Illinois Basin. The
geologic factors identified in this research and the data created and gathered in GIS could
be used to locate potential unexploited sites throughout the basin. A good future study
would be to compare the sub-Pennsylvanian paleogeology to the different Chesterian oil
and gas fields to identify areas where the sub-Pennsylvanian paleogeology is productive.
These would be areas where the paleovalleys intersect hydrocarbon-charged Chesterian
strata. According to the findings of this study, such identified areas should have
hydrocarbon accumulation in sub-Pennsylvanian paleovalley fill. Where these sites do
not have any Pennsylvanian oil and gas fields, there could be some unknown factors
78

preventing oil and gas accumulation, such as sealing shales along the basal contact or an
absence of sandstone reservoirs in the paleovalley.
Another future study could be to apply high-resolution seismic testing in highly
faulted areas and areas with little to no previous drilling. Cross sections are limited to
areas where there are no faults and an abundance of well data. High-resolution seismic
data could be used in Kentucky along the Rough Creek and Pennyrile Fault Zones to
confirm or deny that hydrocarbons migrated into sub-Pennsylvanian paleovalleys
upwards along faults.
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Appendix I: Categorical designation of well codes from the KGS, IGS and ISGS.

Category

KGS
Codes

Oil Wells

OIL

Gas Wells GAS
Dry Wells D&A

IGS Codes
oil
gas, gas reportedpresumably abandoned
dry hole

ISGS Codes
OILWI, OIL, OILP, OILGIP, OILWIP, OILGI,
OILSD, OILSDP, OILX
GAS, GASP, GASX
DA, DAP, DRY, DAX

Appendix II: Well-code descriptions
KGS Code
OIL
GAS
D&A

Description
Oil well
Gas well
Dry and abandoned

IGS Code
oil
gas

Description
oil well
gas well

gas reported
- presumably
abandoned
dry hole

gas well - abandoned
dry hole

ISGS Code
OIL
OILGI
OILGIP
OILP
OILSD
OILSDP
OILWI
OILWIP
OILX
GAS
GASP
GASX
DA
DAP
DAX
DRY

Description
Oil producer
Oil and gas injection well
Oil and gas injection well - plugged
Oil producer - plugged
Oil and salt water disposal well
Oil and salt water disposal well - plugged
Oil and water injection well
Oil and water injection well - plugged
Oil well - administratively plugged
Gas producer
Gas producer - plugged
Gas well - administratively plugged
Dry and abandoned - no shows
Dry and abandoned - no shows - plugged
Dry and abandoned - administratively plugged
Dry hole
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Appendix III: Cross sections A, B and C with API numbers

Source: Created by the author.
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Appendix IV: Cross section D with API numbers

Source: Created by the author.
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